"Reformulated Gas No Help in Older Cars" by Matthew L. Wald, The New York Times, appearing in Orange County Register, Dec. 19, 199O . "Clean Gasoline" ARC0 EC-l Gasoline. "Nationwide Gasoline Compositions" (MVMA and SwRI Surveys, 1988 I  '  t  II  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I I  I  I  I  I  I1111  I  I  I  I  I  I  I  I  I  I The present invention relates to fuels, particularly erties as set forth above, the greater the resulting benefit gasoline fuels, and combustion methods therefor, and 5 in reducing emissions of one or more of CO, NOX, and methods for preparing gasoline fuels which, upon comhydrocarbons. bustion, minimize the release of CO, NOx, and/or hyFor gasoline fuels in which one desires that hydrocardrocarbon emissions to the atmosphere. bon emissions and/or CO emissions be minimized or One of the major environmental problems confronting the United States and other countries is atmospheric 10 pollution (i.e., "smog") caused by the emission of gaseous pollutants in the exhaust gases from automobiles. This problem is especially acute in major metropolitan areas, such as Los Angeles, Calif., where the atmospheric conditions and the great number of automobiles IS account for aggravated air pollution.
It is well known that the three primary gaseous constituents, or pollutants, which contribute to air pollution due to auto exhaust are nitrogen oxides (NOx), carbon monoxide (CO), and unburned or incompletely burned 20 hydrocarbons (i.e., hydrocarbon components originally present in the gasoline fuel which are not fully converted to carbon monoxide or dioxide and water during combustion in the automobile engine).
SUMMARY OF THE INVENTION

25
The present invention provides gasoline fuels from which a relatively low amount of gaseous pollutants, and in particular one or more of NOx, CO, and hydrocarbons, is produced during combustion in an automo-30 tive engine. The invention provides methods for producing gasoline fuels having such desirable properties. The invention also provides methods of combusting such fuels in automotive engines while minimizing emission of pollutants released to the atmosphere, which in 35 turn provides a method for reducing air pollution, particularly in congested cities and the like, when large volumes of automotive fuel of the invention are combusted in a great number of automobiles in a relatively small geographical area. 40 The present invention also provides a petroleum refiner with knowledge of which properties of a gasoline fuel to alter, and in which direction (i.e., increased or decreased), so as to produce a gasoline fuel which will reduce or minimize NOx, CO, and hydrocarbon emis-45 sions upon combustion in an automotive engine.
The present invention, in its broadest aspect, is founded on the discovery that, when gasoline fuels are produced, for example, by blending a plurality of hydrocarboncontaining streams together so as to produce 50 a gasoline product suitable for combustion in an automotive spark-induced internal combustion engine, improvements in emissions of one or more pollutants selected from the group consisting of CO, NOx, and hydrocarbons upon combustion of the gasoline product in 55 such an engine system can be attained by controlling certain chemical and/or physical properties of said gasoline product. For example, a first hydrocarboncontaining stream boiling in the gasoline range can be blended with a different hydrocarbon stream at rates 60 adjusted so as to effect at least one of the properties of the fast gasoline stream as follows:
(1) decrease the 50% D-86 Distillation Point; (2) decrease the olefm content; (60" C.)) will provide some reduction in NOx emissions. However, because it is contemplated that decreases in olefm content will be more acceptable to an oil refiner than decreasing the 10% D-86 Distillation Point sufficiently to significantly affect the NOx emissions, it is believed that, as a practical matter, it will be olefm content which will be the secondary variable providing the most flexibility to an oil refiner in altering the gasoline properties to reduce NOx emissions. (This is all the more the case inasmuch as, in general, if one wishes to decrease the Reid Vapor Pressure, it is usually necessary to increase the 10% Distillation Point.) Accordingly, best results are attained when both the olefin content is below 15 volume percent (preferably to zero) and the Reid vapor pressure is no greater than 7.5 psi-with it being highly desirable, if possible, to also maintain the 10% D-86 Distillation Point below 140 ' F. (60" C.) .
In view of the foregoing, it can be seen that many modifications of the invention are possible, depending upon which of the three pollutants one desires to reduce and the degree of reduction desired. For example, one can attain significant reductions in all three pollutants-hydrocarbons, CO, and NOx--by maintaining the 50% D-86 distillation point at or below about 215" F. 
One of the main advantages of the invention is that a less polluting gasoline fuel is provided that can be easily prepared in a petroleum refinery or the like. That is, in a typical refinery in which gasoline is produced, it is necessary or at least desirable in most instances to blend 30 the hydrocarbon stocks so as to produce gasolines of specified Reid Vapor Pressure, oleiins content, etc. Thus, the only difference is that now the refinery will blend the stocks in light of the information provided herein such that the NOx, CO, and hydrocarbon emis-35 sions are reduced as much as possible or practicable, given the individual situation (the blend stocks available, refining capacity, etc.) facing the particular refmcry.
It will be understood in this disclosure and the claims 40 to follow that the words "reduce" and "reducing" in the context of lowering NOx, CO, or hydrocarbon emissions are relative terms. Obviously, the simplest way to produce no emissions is to combust no fuel; and equally obviously, almost any combustion of a gasoline 45 fuel will produce some emissions and thus produce greater emissions than if no fuel were combusted. However, on the assumption that the motoring public would find the consequences of combusting no fuel rather unattractive, logic dictates in the context of this invert-50 tion that "reducing" is in comparison to the results achievable with other fuels. For example, for those embodiments of the invention in which the 50% D-86 Distillation Point is controlled to no more than 200" F.
(93' C.), the emissions will be reduced in comparison to 55 the otherwise identical fuel but having a higher 50% D-86 Distillation Point when combusted in the same automotive engine (or in an equivalent number of automotive engines) operating for the same time period 'in the same way. 60
BRIEF DESCRIPTION OF THE DRAWING The invention can be best understood with reference to the drawing, the figures of which provide graphical or tabular data derived from the experiments described 65 hereinafter with respect to Examples 2 and 3.
More FIG. 7 is a table, based on data derived from the experiments in Examples 2 and 3, which identities the most significant variables which increase emissions of CO when the variable is increased (as identified by one or more + signs) or which decrease emissions of CO when the variable is decreased (as identified by one or more -signs).
FIG. 8 is a table, based on data derived from the experiments in Examples 2 and 3, which identifies the most significant variables which increase emissions of NOx when the variable is increased (as identified by one or more + signs) or which decrease emissions of NOx when the variable is decreased (as identified by one or more -signs).
FIG. 9 is a table, based on data derived from the experiments in Examples 2 and 3, which identifies the most significant variables which increase emissions of hydrocarbons when the variable is increased (as identitied by one or more + signs) or which decrease emissions of hydrocarbons when the variable is decreased (as identified by one or more -signs).
DETAILED DESCRIPTION OF THE
INVENTION The present invention is directed to gasoline compositions having chemical and physical properties which reduce and/or minimize the amount of gaseous pollutants emitted during combustion. In particular, the invention aims to reduce and/or minimixe the emissions of hydrocarbons, NOx and/or CO during combustion in an automotive engine.
Gasolines are well known fuels, generally composed of a mixture of hydrocarbons boiling at atmospheric pressure in a very narrow temperature range, e.g., 77" F. (25' C.) to 437" F. (225' C.). Gasolines are typically composed of mixtures of aromatics, oletins, and paraffins, although some gasolines may also contain such added nonhydrocarbons as alcohol (e.g., ethanol) or oxygenates (e.g., methyl tertiary butyl ether). Gasolines may also contain various additives, such as detergents, anti-icing agents, demulsiflers, corrosion inhibitors, dyes, deposit modifiers, as well as octane enhancers such as tetraethyl lead. However, the preferred fuels contemplated in the invention are unleaded gasolines (herein defined as containing.a concentration of lead no The most preferred gasolines produced in accordance with the invention are those which meet the require-D-86 distillation point will provide the most dramatic ments of one or more of the five classes specified in effects in reducing CO emissions, with best results being Table 1 . attained when both the paraffin content is substantially 30 In the present invention, the gasoline is formulated, usually by appropriately blending various hydrocarbon streams in a refinery, to reduce or minimize emissions of CO, NOx, and/or hydrocarbons upon combustion in a spark-induced automotive internal combustion engine. 35 It has been discovered in the present invention, for many automotive engines, that the amount of pollutants emitted upon combustion is closely in accord with the following equations: 40
Equation 1 increased and the 50% D-86 distillation point is substantially reduced. In lie manner, it can be seen that by decreasinn the 10% D-86 Distillation Point and/or by increasing the paraffin content, some decrease in the NOx emissions will be produced. However, far more influential on the NOx emissions are the olefm content and the Reid Vapor Pressure, both of which cause substantial reductions in NOx emissions as they are substantially decreased. For hydrocarbon emissions, inspection of the equations indicates, since one is usually constrained to no more than a 5 unit change in Research Octane Number in the range of about 90 to 95, that it will not normally be practicable to alter the Research Octane Number sufficiently to have a significant impact on the hydrocarbon emissions. Accordingly, although some reduction in hydrocarbon emissions can be attained by increasing the Research Octane Number, the most practical way to significantly lower the hydrocarbon emissions while retaining other beneficial properties of the fuel is by lowering the olefm content and/or by lowering the 50% D-86 Distillation Point. The foregoing equations also provide those skilled in the art, again as to a 1988 Oldsmobile Regency 98 and similar automobiles, with information as to how to lower the reductions of not just CO, NOx, or hydrocarbons, but also any combination thereof. For example, if one is interested in reducing the emission levels of all three, the equations show, if all other properties are held essentially constant, that reducing the Reid Vapor Pressure and the 50% D-86 distillation point will decrease the emissions of CO, NOx, and hydrocarbons. Likewise, decreases in these three pollutants can be attained by decreasing the 50% D-86 Distillation Point and decreasing the olefm content.
The above equations also lead to the following conclusions (again as to the 1988 Oldsmobile Regency and similar automobiles): All other properties of a gasoline fuel being substantially the same, I $288,393 8 1. As the 50% D-86 Distillation Point is progressively bile had been previously driven for 38,CKtO miles to decreased, progressively greater reductions in CO and stabilize the Octane Requirement Increase. hydrocarbons emissions will result;
The properties of each of the 22 fuels are shown in 2. As the olefm content is progressively decreased, the following Table 2 . progressively greater reductions in NOx and hydrocarbons emissions will result; 30 3. As the paraftin content is progressively increased,
The fuels were tested in random order with no back progressively greater reductions in CO and NOx emisto back runs of the same fuel. At first, only the 15 test sions will result; fuels (designated AR3951-1 through AR3951-15) were 4. As the Reid Vapor pressure is progressively derun, in random order, and all more than once. However, creased, progressively greater reductions in NOx emis-35 every fifth run was conducted with fuel G3297-PJ as a sions will result; control to evaluate systematic error. Each fuel was 5. As the Research Octane Number is progressively tested in accordance with the Federal Test Procedure increased, progressively greater reductions in hydroexcept that (1) instead of allowing the engine between carbon emissions will result; tests to cool down in still air for 10 to 12 hours at 68" to 6. As the 10% D-86 Distillation Point is progressively 40 86" F. (20.0' to 30.0" C.), the engine was subjected for decreased, progressively greater reductions in NOx 4.75 hours to a 70" F. (21.1" C.) wind of 50 miles per emissions will result; hour (80.5 km/h.r) and (2) instead of a Clayton dyna-7. As the 90% D-86 Distillation Point is progressively mometer, a General Electric dynamometer was used. It decreased, progressively greater reductions in CO emiswill be noted that the 15 test fuels were purposely sions will result. 45 blended to provide widely different values for the ten And, of course, combining any of the above seven properties shoti in Table 2 . The emissions data derived factors will lead to yet progressively greater reductions.
from cornbusting the 15 different test fuels were then However, as will become evident in light of the data in analyzed by computer program using the SAS system the examples to follow, the most important of the forecommercially available from SAS Institute Inc. In this going factors are Reid Vapor Pressure (for reducing 50 program, the results of the runs with the 15 different NOx) and the 50% D-86 Distillation Point (for reducing fuels were regressed against each of the 10 variables CO and hydrocarbon emissions). Of secondary imporshown in Table 2 , as well as against all possible combitance in reducing NOx are the olefm content and the nations thereof, searching for an equation for each of 10% D-86 Distillation Point, with the former being of the three pollutants of interest (NOx, CO, and hydrogreater influence than the latter. The following Exam-55 carbons) defmed by the minimum number of variables ples serve to further illustrate the inventive concept and that gives the best surface fit based on the R squared are not intended to be construed as limitations on the value. As a result, the Equations 4,5, and 6 hereinbefore invention, which is defined by the claims.
presented were derived as the equations which best EXAMPLE 1 define the amount of pollutants (in grams per mile) 60 emitted as a function of the properties of the fuel com-A total of 22 different unleaded gasoline fuels was busted in the 1988 Regency vehicle. tested in a 1988 Oldsmobile Regency 98 automobile After developing the foregoing equation, the other equipped with a 3800 cc V-6 engine. This automobile fuels shown in Table 2 were tested, most in multiple was selected because it represented a high sales volume runs, and again with the G3297-PJ fuel being used in product with close to the current state-of-the-art emis-65 every fifth run. These fuels were tested for the purpose sion technology. The emission system was closed loop of checking the accuracy of the foregoing equations in control on the air to fuel ratio with a three way catalyst forecasting emissions for new fuel, i.e., they were used system and adaptive learning capability. The automoas "check fuels."
The emissions data for all runs-the test, control, and check fuels-as well as the calculated emissions accord- The multiple test emissions data for each of the check fuels and the control fuel were then averaged, set against the calculated values, the deviation from the calculated value then determined, and compared against the standard deviation, which in turn was calcu-6o lated from only the data pertaining to the control fuel G3297-PJ. These data are set forth in the following It will be seen that, in most cases, the deviations shown in Table 4 are well within three times the standard deviation. In turn, this means that the equations accurately define the scientific phenomena at work within normal realms of variabilities.
EXAMPLE 2 In this example, 22 gasoline fuels, including 15 test fuels A through N and P, one control fuel, Q, and six check fuels, R, S, T, V, W and X were run in six different automobiles. The properties of the 22 gasolines used are shown in the following Table 5 .
In this example, Example 2 was repeated except on the following automobiles (and accompanying engines):
1. The fuels were tested in the foregoing automobiles in the same manner as described in Example 2. The emission data obtained were averaged and plotted on FIGS. 4 through 6, and once again, the results show a remarkable consistency in the effects of a given fuel.
In all, for Examples 2 and 3, a total of over 500 FTP runs was made so as to provide a large enough data base to ensure the validity of the results. It should be noted that Examples 2 and 3, and the figures of the drawing pertaining to each, focused on automobiles and engines -_ The fuels were tested in the foregoing automobiles in the same manner as described in Example 1 except that the control fuel was used in every sixth mn and the 55 Federal Test Procedure (FTP) was followed exactly. Each fuel was tested at least twice, many three times, and some four times, in each of the vehicles.
The CO, NOx, and hydrocarbon emission data obtained by the Federal Test Procedure for each fuel in a 60 given automobile were averaged, and then plotted respectively in the graphs in FIGS. 1, 2, and 3. (Thus, each data point in FIGS. 1 through 3 is an average of the values obtained for each automobile with the specified fuel.) Given the great number of fuels and automo-65 biles tested, each of the three graphs shows a remarkable similarity in the overall shape of the curves in the graphs. It is clearly evident from these figures that the which were dissimilar in many respects. However, the automobiles in Example 2 all had adaptive learning computers with fuel-to-air feedback control loops whereas those in Example 3 did not. The figures thus show that groups of cars with these similar engineering features behave similarly to changes in the fuel, which in turn shows the universality of one of the inventive concepts. The automobiles of Examples 2 and 3 were chosen because of their high commercial sales. The automobiles of Example 2 were all relatively recent models while those of Example 3 were generally older. All but one of the Example 3 automobiles had carburetor systems whereas all of those in Example 2 had fuel injection systems.
The data derived in Examples 2 and 3 were analyzed by the same computer program as described for Example 1, searching, as in Example 1, for an equation for each automobile which would provide a value for NOx, CO, and hydrocarbon emissions as a function of the minimum number of fuel properties. Not every equation so derived conformed to the generalized equation set forth hereinbefore; some, for example, showed a minor increase in hydrocarbon emissions with increases in aromatics content. Nevertheless, many of the equations did fit the generalized equation set forth hereinbefore, and more importantly, the data overall validated the fact that the most important factors as shown in the generalized Equations 1 to 3 proved almost universally most significant for each automobile.
More specifically, where much of the previous discussion was limited to 1988 Oldsmobile Regency 98 and similar automobiles, the data in tables 7 to g-which were obtained from the data from which FIGS. 1 to 6 were derived--indicate that some variables universally or essentially universally affect emissions from automobile engines, others are limited to one or only a few vehicles, and yet others affect a particular pollutant in about 50% of the vehicles.
More specifically still, in the tables of FIGS. 7 to 9 there are indicated for each automobile tested in Examples 2 and 3 those factors which proved to be significant in increasing the specified emission when the variable is increased (as indicated by one or more + signs) and significant in decreasing the specified emission when the variable is increased (as indicated by one or moresigns). Those variables which dramatically affect emissions (i.e., principal factors) are indicated by more than one + or -signs, with increasing numbers of + orsigns indicating increased significance for that variable. Those variables which are of least importance among the significant variables are indicated by a (+) or (-) sign. (Also shown in FIGS. 7 to 9 are the values obtained by summing the square of all the data predicted by the particular equation for each automobile for a particular pollutant and dividing by the sum of the square of all the data actually obtained for the automobile. It will be recognized that, the closer such value is to 1.0, the better the equation defines the effect under consideration. In the case of FIGS. 7 to 9, 29 of the 30 values are above 0.9 and only one is below-and that scarcely below at 0.894. Accordingly, it was determined that the equations for each of the automobiles was statistically accurate, and that therefore the data 40 derived therefrom-as shown in FIGS. 7 to g-would meaningfully point to those variables which would have a statistically significant effect upon the emission characteristics from a given automobile in FIGS. 7 to 9.1 45 When the data of Examples 2 and 3 are analyzed as shown in FIGS. 7 to 9, the following facts stand out as most significant:
1. Decreases in the 50% D-86 Distillation Point caused decrease-s in CO and hydrocarbon emissions for 50 all of the automobiles.
2. Decreases in the Olefm Content caused reductions in NOx emissions from all the vehicles.
3. Decreases in the 10% D-86 Distillation Point caused reductions in NOx emissions from all the vehi-55 cles.
4. Decreases in Reid Vapor Pressure caused reductions in NOx emissions from all the vehicles but one.
Accordingly, from the data in FIGS. 7 to 9, it can be seen that for automobiles in general that decreasing any 60 of the variables I to 4 above will have a positive effect, especially for any large population of automobiles. In turn, it can be appreciated that the preferred fuels of the invention will be prepared (e.g., by appropriate blending in a refinery) so as to decrease each of the foregoing 65 variables, and in particular, the 50% D-86 Distillation Point, the Reid Vapor Pressure, and the Olefm content, all three of which are more significantly (and easily) 14 decreasable in refinery practice than the 10% D-86 distillation Point.
Presently, the most commercially attractive fuel producible in accordance with the invention has the following properties: (1) Olefm Content of 0%; (2) Reid Vapor Pressure of 7.5 psi (0.51 atm) maximum; and (3) 50% D-86 distillation point greater than 180' F. (82' C.) but no greater than 205" F. (96' C.).
Where it is desired to take advantage of the emission reductions attainable by varying the 50% D-86 distillation point, this value usually is no greater than 215' F. Where it is desired to take advantage of the emission reductions attainable by varying the olefm content, this value is generally maintained less than l! volume percent, with decreasing values providing progressively improved results. Thus, it is contemplated that each unit reduction, e.g., to values below 14, below 13, below 12, below 11, below 10, below 9, below 8, below 7, below 6, below 5, below 4, below 3, below 2, below I providing progressively better results, with values of 0.5 or less and essentially zero providing the best results possible.
Where it is desired to take advantage of reductions attainable by reducing the Reid Vapor Pressure, the gasoline will generally have a Reid Vapor Pressure specification of 8.0 psi (0.54 atm) max., most often less than 8.0 psi (0.54 atm), preferably no greater than 7.5 psi (0.5 1 atm), even more preferably no greater than 7.0 psi (0.48 atm), and most preferably of all, no greater than 6.5 psi (0.44 atm).
Where the emissions reductions attainable by reducing the 10% D-86 Distillation Point is desired, this value is most often maintained no greater than 140" F. (71' C.), preferably no more than 135" F. (57.2' C.), even more preferably no more than 130' F. (54" C.), and most preferably of all, no more than 122 ' F. (48.9" C.) .
It can also be seen from the data in FIG. 7 that the paraffin content has an effect on 50% of the automobiles with respect to reducing Co, i.e., progressively increasing the paraffm content progressively decreases the CO emitted. Accordingly, where it is desired to take advantage of these facts, the paraffi content would be increased to above 40 volume percent, usually above 50 volume percent, most often to above 65 volume percent, preferably above 68 volume percent, more preferably above 70 volume percent, e.g., above 72 volume percent, even more preferably above 75 volume percent, e.g., above 77 volume percent, and most preferably, above 80 volume percent, e.g., above 82 volume percent, and most preferably of all, above 85 volume percent, e.g., above 87 or 90 volume percent.
Likewise, 60% of the automobiles shown in FIG. 9 evidenced reductions in hydrocarbon emissions when the aromatics content was increased. Where it is desired to take advantage of this fact, the aromatics content would be increased to at least 35 volume percent, preferably at least 40 volume percent.
